ABSTRACT: A mammalian survey was conducted in Mexico (October 1994-January 1996 and in Paraguay (August 1996-March 1997; a complete specimen was collected for each bat in the survey, including primary voucher specimen, ectoparasites, karyotype, and various frozen tissues. The surveys combined provided 937 brain samples (65 bat species) for rabies diagnosis. One male Lasiurus ega, collected in Paraguay, tested positive for the rabies virus (overall prevalence rate of 0.1%). Nucleotide sequence from a 300 bp region of the rabies nucleoprotein gene was compared with sequence obtained from representative rabies virus samples in the repository at the Centers for Disease Control and Prevention (Atlanta, Georgia, USA). Rabies virus extracted from the brain material of L. ega differed by only one nucleotide from a 300 bp consensus sequence (Ͼ99% homology) derived from samples for the variant of rabies virus transmitted by Lasiurus cinereus. Lasiurus ega differed by approximately 15% for the variant transmitted by Desmodus rotundus. Phylogenetic analysis found no evidence to suggest L. ega is a reservoir for rabies antigenic variant 6. The most likely explanation for rabies in L. ega was infection following contact with a rabid L. cinereus.
INTRODUCTION
Information on the prevalence of rabies in Latin American bat populations is sparse. Usually reports of rabies in bats are individual cases submitted to public health laboratories because of contact with humans or domestic animals. The submitted bats are rarely identified to species and case summaries do not include information on the total number of bats tested (Organizacion Panamericana de la Salud, 1997) . Additionally, bats collected by the public are often sick or injured, and therefore represent a biased subpopulation of bats more likely to be infected with rabies.
Museum specimens could provide valuable information on the prevalence of rabies in free flying bat populations; however, bats collected for this purpose are not often examined for evidence of rabies infection. Access to the brain tissue necessary for rabies diagnosis can destroy cranial characteristics used for species identification and lessens the value of the specimen to a collection. A method developed by Greenhall (1965) extracts brain tissue through the foramen magnum without causing damage to the skull, thus allowing rabies diagnosis on previously unsampled bat populations.
Decreasing bias in the surveillance of rabies is essential to understanding the role of bats in the epidemiology of the disease. Using a modified brain extraction method, mammalian surveys in Mexico and in Paraguay provided a large collection of bats for rabies diagnosis, which provided an opportunity to examine infection in several bat populations of Latin America. Previously, most bat rabies studies in this region have focused on two bat species (Tadarida brasiliensis, Desmodus rotundus) because of their association with human and domestic animal rabies cases. Those studies collected numerous individuals from roosting sites (Constantine et al., 1968; Favi and Catalán, 1986; Steece and Altenbach, 1989; Tadei et al., 1991) . The present study is distinct from others in that the sample contains numerous individuals from a large and taxonomically diverse assemblage of species, collected during flight.
MATERIALS AND METHODS
Mammalian surveys were conducted in the Mexican states of Michoacá n and Colima and throughout Paraguay; the surveys increased the number of specimens in museum collections as well as documented the mammalian species of these areas. A complete specimen was collected for each individual animal in the survey, including primary voucher specimen (generally skin, skull, and skeleton), ectoparasites, karyotype, and various frozen tissues (brain, heart, liver, kidney, and muscle). The combined surveys provided 937 brain samples (65 bat species) for rabies diagnosis (Table 1) .
Twenty-one localities (October 1994 -January 1996 and twenty-seven localities (August 1996 -March 1997 were sampled in Mexico and Paraguay, respectively (Appendix A). Bats were collected using mist nets placed in a variety of habitats at each locality. In addition, hand nets were used in culverts, buildings, or other roosts. The nets were attended, and bats were removed promptly and placed in individual containers. Each bat was euthanized by inhalation of ether, and then processed as a complete specimen. Brain tissue was extracted through the foramen magnum using a saline syringe adapted from the method of Greenhall (1965) . The brain tissue was placed into a cryovial and stored at the vapor phase of liquid nitrogen. Tissues were later transferred to a freezer at Ϫ80 C for permanent storage. Thin smears were prepared in duplicate by transferring brain tissue to a glass microscope slide with an applicator stick and blotting the excess on absorbent paper toweling. After air drying for 20 min, the slides were fixed in acetone at Ϫ20 C from 2 to 4 hr to overnight. The fixed smears were stained with fluorescein isothiocyanate-labeled rabies diagnostic reagents prepared from hyperimmune equine serum (BBL Microbiology Systems, Cockeysville, Maryland, USA, 1:80 dilution) and/or from monoclonal antibodies (Centocor Inc., Malvern, Pennsylvania, USA, 1:80 dilution) using standard methods (Velleca and Forrester, 1981) .
Any positive tissues were prepared for rabies virus typing. Duplicate smears were incubated with a panel of 19 monoclonal antibodies using previously described methods (Diaz et al., 1994) . Visualization of bound antibody was achieved by staining with fluorescein-conjugated goat antibody to mouse immunoglobulin G (Organon Teknika Corp., Durham, North Carolina, USA). Additionally, RNA extracted from brain tissue was reverse transcribed and amplified by polymerase chain reaction (RT/PCR). The RNA was extracted with TRIzol (GIB-COBRL Inc., Grand Island, New York, USA) according to manufacturer's instructions. The RT/PCR was achieved with primers 10g and 304 as previously described (Smith et al., 1992; Smith, 1995) . A band of appropriate molecular weight was visualized in an agarose gel stained with ethidium bromide. The band was excised from a low melting point agarose gel, purified using the Wizard TM Minipreps DNA purification system (Promega, Madison, Wisconsin, USA) and sequenced using the ABI PRISM DNA Sequencing Kit (PE Applied Biosystems, Foster City, California, USA) according to manufacturer's instructions.
Automated fluorescence sequencing was performed on an Applied Biosystems 377 DNA sequencer (PE Applied Biosystems, Foster City, California, USA). Nucleotide sequence from a 300 bp region of the rabies nucleoprotein was compared with sequence obtained from 403 bat rabies virus samples (23 species) in the repository at the Centers for Disease Control and Prevention (Atlanta, Georgia, USA). A phylogenetic analysis of the data was conducted using the programs DNADIST, NEIGHBOR, SEQBOOT, and CONSENSE in the PHYLIP package, version 3.5 (Felsenstein, 1993) . GenBank sequence for an Australian bat lyssavirus (Af081020) was used as the outgroup. Graphical representation of the phylogenetic analysis was obtained with the program TREEVIEW (Page, 1996) .
RESULTS
Brain tissue from 65 bat species (937 individuals) was tested for the presence of the rabies virus (Table 1) . Of the 937 individuals, one male Lasiurus ega (TK 62880; The Museum Texas Tech University) was positive for rabies virus. Although many Artibeus lituratus, Eumops bonariensis, Molossus molossus, and Sturnira lilium were collected, sample sizes of most species were not large enough for independent analysis. Therefore, all species were treated as one sample resulting in a prevalence rate of 0.1%. The rabies positive L. ega was captured by mist net over water of the Pilcomayo river in Paraguay (22Њ27.16Ј; 62Њ20.65Ј) during early spring (18 August 1996). The bat was an adult male of average size in cranial and body measurements, but weighed 9 g, which is below average body weight (11-14 g). Virus typing by reaction of brain material with monoclonal antibodies detected antigenic variant 6, a variant of rabies virus associated with the lasiurine bats of the USA (Smith, 1989; Diaz et al., 1994) . Pairwise analysis of the rabies virus RNA extracted from the brain material of the Paraguayan L. ega (identified as PAle3513 in Table 2 ) differed by only one nucleotide (Ͼ99% homology) from the 300 bp consensus sequence for virus from Lasiurus cinereus collected in the USA ( Table 2 ). The rabies variant from L. ega also differed 15% from published rabies virus sequence from D. rotundus of Brazil, Paraguay, and Venezuela (Smith et al., 1992; de Mattos et al., 1996) .
Plecotus mexicanus
A phylogenetic analysis of rabies virus from 403 bat samples (representing 23 species) grouped 22/23 samples of L. cinereus in a single clade that included a minority of samples from seven other species (Fig. 1) (Smith et al., 1995 ly of this sample cluster and exclusion of five L. ega samples was supported in 861 of 1,000 bootstrap iterations of the tree construction.
A second clade (supported in 892 of the 1,000 bootstrap iterations) included three virus samples from L. ega (all from Arizona). A single virus sample from L. ega collected in Texas was less resolved in the analysis, clustering with the clade comprising of the Arizona L. ega samples in 644 of the 1,000 bootstrap iterations. The remaining sample, a L. ega collected in Arizona, differed significantly from all other samples in the analysis forming an independent lineage.
DISCUSSION
Bats of the genus Lasiurus are distributed from Canada to Argentina. The genus includes seven species, all of which are aerial insectivores. Lasiurine bats have been studied in North America, but little is known about their natural history or habits in South America (Redford and Eisenberg, 1992) . In the northern region of their distribution, lasiurine bats are migratory and/ or hibernate during the winter months. Members of the genus are thought to be primarily solitary but may collect in small clusters, which may represent nursery roost groups or migratory aggregations. Interspecific interactions or aggregations in lasiurine bats are unknown.
The southern yellow bat, Lasiurus ega, is distributed from southern California and Arizona to northern Argentina and is considered common throughout its range (Eisenberg, 1989) . It roosts in palm trees, ornamental trees, and under roofs in buildings, and is usually collected in nets over water (Barques et al., 1993) . This bat does not hibernate, but becomes torpid in cooler weather. Although poorly documented, this bat most likely is migratory, seeking warmer roosts and more consistent food supplies in winter (Eisenberg, 1989) .
The body weight of the rabies positive L. ega was less than normal, possibly as a result of its rabies infection. Redford and Eisenberg (1992) reported the weight of male L. ega from Paraguay to range from 11 to 14 g with a mean of 12.3 g and Barquez et al. (1993) reported a range of 13 to 20 g for specimens from Argentina. Constantine (1988) stated that an ill, rabid bat is often thin and dehydrated. Signs of rabies in laboratory studies include reluc-tance to eat and refusal of water (Brass, 1994) . The inability to fly also is associated with a late stage rabies infection, which was not true of this rabid bat.
Previous studies have reported rabies prevalence data similar to that reported in this study. Yancey et al. (1997) reported 0/ 171 for a sample containing 12 different bat species; Steece and Altenbach (1989) reported 4/750 adults and 14/600 juveniles for Tadarida brasiliensis; Favi and Catalán (1986) reported 1/619 for T. brasiliensis; Constantine et al. (1968) reported 5/2192 at one locality and 5/652 at another locality for T. brasiliensis. In studies where presumed healthy bats are screened for the rabies virus, prevalence rates are consistently reported as Ͻ0.1%.
Information about the distribution of rabies virus variants in wildlife reservoirs of Latin America is sparse. Limited amounts of sequence data are available for South American bats with the exception of virus samples from D. rotundus and T. brasiliensis. An important inference from this analysis is that the cycle maintaining the rabies variant in L. ega appears to be independent of rabies in the common vampire bat (D. rotundus), which has been implicated as the major vector in livestock rabies outbreaks of Latin America (Fig. 1) . All 34 specimens of D. rotundus collected in Mexico and Paraguay were negative for the rabies virus.
Determining the relationship between rabies variants and their hosts can be problematic when species are represented with only a few samples or from only a small part of their range. In the USA, L. cinereus is presumed to be the reservoir for antigenic variant 6. This analysis identified the same rabies variant in the Paraguayan L. ega. The most likely explanation of this rabies infection is contact with a rabid L. cinereus. The infection in L. ega is believed to be a spillover event; although the adaptive mechanism is unknown, populations of virus selected by intraspecific contact are less efficiently transmitted after interspecific contact. Isolated spillover cases occur, however serial transmission in a second species is not often observed.
Infection of multiple Lasiurus species (with the same rabies variant) could indicate a generalized lasiurine reservoir, with infection occurring throughout the area of sympatry (much of North and South America) by sustained interspecific transmission. Although no evidence of a generalized reservoir is supported in this analysis, the possibility that L. ega may serve as a reservoir for the variant in Latin America cannot be excluded.
While indicating the presence of antigenic variant 6 in Latin America, the data does not identify a reservoir outside the USA. Identification of bat reservoirs in Latin America and clarification of issues related to spillover infection, awaits accumulation of additional data. Virus typing, bat species identification, and additional information about the natural history of bat species are needed to understand the role of bats in the epidemiology of rabies in the western hemisphere.
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APPENDIX A.
Gazetteer of chiropteran collection localities from Michoacan and Colima, Mexico during October 1994-January 1996, and from Paraguay during August 1996-March 1997. Collecting localities are listed in alphabetical order for each country, then by date of collection period. Collection periods were from 1 to 3 nights in duration. Locality information is followed by scientific names of the bats collected at each site. Species are listed in alphabetical order. Description of collection localities and bat species includes (in the following format):
Reserva Natural Privado yPeti, Caazapa, Paraguay. 25Њ32.90Ј, 55Њ28.53Ј, 11/3/96. Artibeus fimbriatus 1,1. Artibeus lituratus 0,1. Pygoderma bilabiatum 0,1.
